System equilibration

Finite size effect
To discard a finite size effect in our results obtained from systems containing 72 lipids. We binding states are provided in Figure S3 . The results, for the cases with [CHOL] = 0%, 20%, and 30%, show that the lower binding states are the same (within the statistical error of these simulations) for both systems containing 72 and 128 lipids. Figure S3 : Frequency of binding states of Na + ion with the binding sites in lipids (CLP) and water molecules (CWT). The dots connected by solid lines correspond to the cases with 72 lipids and the squares connected by dashed lines correspond to the cases with 128 lipids. Figure S4 : The determination of d 0 and r 0 for CLP at cholesterol concentration [CHOL] of 0% and 50%. Figure S4a shows the radial distribution function g(r) between Na + and lipid oxygens at [CHOL]=0% and that between Na + and lipid (including cholesterol) oxygens at [CHOL]=50%. Figure S4b is a close look on the normalized first coordination shell of Figure  S4a . For [CHOL]=0%, the peak of g(r) is located at d 0 = 2.3Å, and the width at half maximum of the peak is r 0 = 0.25Å. For [CHOL]=50%, the values of d 0 and r 0 are very similar with the case of [CHOL]=0%. Therefore, we choose the same values of d 0 = 2.3 A and r 0 = 0.25Å for CLP at different cholesterol concentrations.
Parameters for CLP
S5
Free energy convergence
Free energy convergence is estimated by the diffusion behaviors of CVs ( Figure S5 and S6), decay of HILLS Height ( Figure S7) , and free energy difference between unbound states (CLP < 0.5) and bound states (CLP > 0.5)( Figure S8 ). S9 Figure S8 : We monitor the convergence of the free energy as a function of CLP ( Figure 3 in the paper) by calculating ∆F', the free energy difference between unbound states (CLP < 0.5) and bound states (CLP > 0.5) as a function of time. The average values and standard deviations of ∆F' calculated from the last 100 ns are shown in Figure 4 in the paper.
